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Metabolic Energy Expenditure for Walking and Running Up and Downhill 

 

Methods: We collected and processed metabolic data for seven adults. Whole body metabolic 

energy expenditure was captured using a portable metabolic system (Oxycon Mobile, Viasys 

Healthcare, Yorba Linda, CA, USA). Rates of oxygen consumption and carbon dioxide 

production during trials were recorded and converted to metabolic powers using standard 

equations [1]. Baseline quiet standing metabolic rate was captured prior to gait trials. For each 

condition, respiratory data from minute 4 to 6 were averaged and used to report the steady state 

metabolic energy consumptions (watts) for the trial. The metabolic system reported values that 

were averaged over 30 second intervals so four values were averaged for each trial. In the most 

extreme case of 5.71º incline running, subjects could not complete the trial while maintaining a 

respiratory exchange ratio (RER) below one [2]. Therefore, only data from 3 out of 7 subjects are 

included for the 5.71º incline running condition. Task dependent metabolic power was calculated 

by subtracting the metabolic power in standing from the metabolic power recorded during the 

trial. These values were then normalized to each individual’s body mass. In addition, efficiency 

was calculated as the ratio of average total limb positive mechanical power to net metabolic 

power: 

 𝜂+ =
𝑃𝑚𝑒𝑐ℎ
+

𝑃𝑚𝑒𝑡
  

where  +
 is efficiency of positive work, mechP+  is the average total limb positive power (summed 

across the lower-limb joints), and metP  is mass normalized net metabolic power. 

 



Results: In walking, the measured metabolic minimum was at -5.71º grade (1.5 W kg-1) (Supp 

Table 1). For running, the metabolic minimum was also at -5.71º grade (5.75 W kg-1) which was 

the steepest downhill grade tested in running. Efficiency of positive work was maximized at -

5.71º grade in walking with an efficiency of 0.62. 

 

Supp Table 1: Net metabolic power, summed (ankle +knee +hip) lower-limb joint average positive 

power, efficiency of positive joint work, and cost of transport for walking and running up and downhill. 

  Grade (deg) PMET (W kg-1) P+ (W kg-1) η+
WORK 

Walk -8.53 2.24 0.86 0.38 

 (1.25 m s-1) -5.71 1.50 0.94 0.62 

  0 2.82 1.02 0.36 

  5.71 6.15 1.71 0.28 

  8.53 10.54 2.60 0.25 

Run -5.71 5.75 2.64 0.46 

 (2.25 m s-1) -2.86 7.32 3.14 0.43 

  0 9.09 3.66 0.40 

  2.86 11.64 4.09 0.35 

  5.71 15.07 4.53 0.30 

 

Discussion: Similar to Margaria et al. [3], we found that the greatest efficiency of positive work 

at -5.71º slope for both walking and running. Additionally, the efficiency of positive work during 

walking at the extreme uphill (+8.53º) was ~0.25 reflecting the efficiency of muscle-tendons 

during tasks exhibiting predominantly positive work [4-8].  
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